f ] J This application is a continuation-in-part of .United 
.'S tates .'Seria 1 No. 480,264 filed (March./ 30, 1983. 

t j The present invention relates to the preparation 
of biphosphonic acid and their salts. The invention also 
relates to pharmaceutical compositions suitable for the 
treatment of urolithiasis and capable of inhibiting the 
bone reabsorption. 

It is known that condensed phosphates in low concen- 
trations may prevent the deposition of calcium carbona- 
te from solutions; in addition to this effect, the con- 
densed phosphates and among them the pyrophosphate, are 
capable of inhibiting the precipitation of calcium pho- 
sphate when there are added even in low concentrations 
to solutions of calcium phosphates. This inhibitory action 
manifests itself both in the absence as well as in the pre 
sence of crystals of apatite. 

In addition, the condensed phosphates retard the trans 
formation of calcium phosphate from the amorphous phase 
to the crystalline phase without, however, influencing the 
formation of the amorphous phase. The marked effect in vi- 
tro of the pyrophosphate (PP) on calcium phosphate in con 
centrations close, to the concentrations found in the biolo 
gical fluids, has suggested that the pyrophosphate may pro 


tect soft tissues from mineralization. In bone, the pyropho- 
sphate (PP) could also regulate the progress of calcification 
and, therefore, influence the transformation of calcium and 
phosphate. The PP in bone which has already been mineralized 
influences the movement of calcium and phosphate towards the 
interior and the exterior of the bone. In spite of all the 
knowledge which has been acquired with respect to PP, its 
therapeutic use results impossible bacause of the rapid hy_ 
drolysis which the substance undergoes both when it is admini 
stered by the oral route as well as when it is administered 
by the systemic route. 

In view of the great interest connected with PP, investiga- 
tion has been carried for the purpose of making substances 
with similar activity but resistant to hydrolysis. This object 
has been achieved partially with the synthesis of biphospho- 
nates, that is substances which contain the group P-C-P inste ^ _ 
ad of the group P-Q— P. -The action of the biphosphonates on 
calcium salts is similar to the action of PP; indeed, even in 
low concentration, they exhibit the following actions: 


\ they inhibit the precipitation of calcium phosphate 
from solutions; 

(Pthey block the transformation of amorphous calcium pho_ O- 
sphate into the crystalline form without, however, in 3 
hibiting the formation of the initial phase; 
P they block the aggregation of crystals of hydro xyap at i. O 
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te; 

they retard the degree of dissolution of 
crystals of hydroxy apatite after the latter ha- 
ve absorbed the biphosphohates from the solu- 
tions. 

Several pharmacological and clinical studies in the scien^, 
tific literature, however demonstrate that, in spite of cer- 
tain analogies in activity, the several biphosphonates used 
up to the present time in the treatment of psteop thia exhi- 
bit some quite serious drawbacks with respect to the degree 
of toxicity in animals and the tolerability or the inducement 
of negative colateral side effects in men. 

It has been now found surprisingly that some biphosphonic 
acids of general formula I: 


R-C-R' (I) 
' P0 3 H 2 


"~p3 in which R is fluorine or a linear or branched alkyl residue 
containing between 1 and 5 carbon atoms, which may optional- 
ly be substituted by a substituent such as amino groups and/ or 
fluorine atoms and R f is hydroxy or fluorine and their salts 
with alkali metals, organic bases and basic arainoacids are 
very suitable for the treatment of urolithiasis and as inhi^2- 
bitors of the bone reabsorption because they exhibit high ac 2, 
tivity which is not accompanied by the side effects hereinabo ^ 
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ve mentioned with respect to the pyrophosphate (PP). 

Several biphosphonic acids have been described in the 
literature. In particular biphosphonic acids of general 
formula I in which R is an unsubstituted alkyl and R' is 

HO 

hydroxy may be prepared by reacting an acyl halide or the 
anhydride of an acid with phosphorous acid or phosphorous 
trichloride. This procedure, although it gives good yield 
in the case in which R is ethyl, is less suitable for the 
achievement of analogues containing an alkyl residue with 
a higher molecular weight and it is practically inoperati- 

A 

ve when the residue R is an alkyl group substituted by fun - 

ctional groups. 

In addition, this procedure clearly is not suitable to 
prepare compounds of formula I in which R and/or R^are 
fluorine atoms. It has now been found that it is possible 
to prepare compounds of general formula I in which R is an 
amino alkyl group anct R • is hydroxy with excellent yields 
and with a very high degree of purity when one reacts an 
aminoacid with phosphorous acid for the purpose of block- 
ing the reactive amino group and then with phosphorus tri. 
chloride. The intermediate is then hydrolyzed and the pro ^ 
duct is isolated in an appropriate manner. 

Instead of the mixture of phosphorous acid and phospho- 
rus trichloride, it is possible to use only phosphorus tri _ 
' chloride adding the stoichiometric amount of water in order. 
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to form the corresponding phosphorous acid. 

Whenever it is possible, the aminoacid may be repla- 
ced by a precursor capable of forming the aminoacid by- 
hydrolysis such as valRrolactam or the corresponding 
polyaraide in the case of 5 -amino valeric acid or the pyr 
rolidone in the case of 4— amino— butyric acid. The reac- 
tion is preferably carried out in the presence of an apro ^ ; , 
tic organic solvent such as an aliphatic or aromatic hydro ^ 
carbon or the corresponding chlorinated hydrocarbon, but 
may also be carried out in the absence of a solvent. 

During the reaction, there is formed a pasty solid of 
composition not well defined from which the desired amino- 
biphosphonic acid is obtained by hydrolysis with water or 
aqueous HC1. 

The procedure described hereinabove is easily adapted 
to the industrial production of the acids of formula I. The 
preparation of the biphosphonic acids of general formula I 

in which R and R' are both fluorine atoms may be carried 

M° 

out easily and with high yields by hydrolyzing the correspon 


ding esters of general formula II: 


S in which R" is an alkyl residue which may be linear or bran 
ched containing between 1 and 4 carbon atoms. The esters 
of formula II are obtained by reacting the corresponding 


m 


( { ■ 

_ 6 - 

ester of the bromodif luoromethanphos phonic acid (which is 
obtained from dibromo-difluoromethane and a trialkylphosphi 
te) with a dialkylphosphite of an alkali metal such as so- 
dium according to the reaction scheme hereinbelow: 

CP 2 Br 2 + P(OR") 3 ; > Br-CF 2 -PO(OR") 2 * 


\ NaP0(0R") o 

£ ► II 


~P The hydrolysis of the ester of formula II to the corre- 
sponding biphosphonic acid is carried out with water and mlC^ 
neral acid. The preferred compounds which are obtained ac- 
cording to the process of the present invention are: 

ft? 5 -amino -1 -hydro xyp ent an-1 , 1 -bipho sphoni c ac i d ; 
4 -amino -1 -hydro xybut an-1 , 1 -biphosphonic acid; 
difluoro-methanbipho sphoni c acid; 
PS and their sodium, aniline and lysine salts. 
PCL ^The following examples are described hereinbelow for the 
purpose of further illustration of the invention. 
EXAMPLE 1 

^ A mixture consisting of 117 grams (1.0 moles) of 5 -amino - 
valeric acid, 123 grams (1.5 moles) of phosphorous acid and 
500 cc of anhydrous chlorobenzene is prepared. The mixture 
is heated by means of a boiling water bath up to 1°°^ in 
a manner to solubilize the solid almost completely. Keeping 
the temperature at 100°C and under vigorous stirring, there 
axe added slowly 206 grams (1.5 mole) of phosphorus trichlo ^ 
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ride. About 30 minutes after the end of the addition, the 
formation of a dense phase which has a tendency to increase 
and to harden with time begins. The mixture is kept for an 
additional three hours at 100°C and it is then allowed to 
cool under stirring. In this manner, the solid material brea/^ 
ks up into small pieces and may be filtered and washed with 
chlorobenzene. The hygroscopic solid so obtained is then 
dissolved in 500 cc of water and is heated for one hour un- 
der reflux. After cooling, the solution is treated with ac- 
tive carbon and then filtered. The crude acid precipitates 
by addition of an excess of warm methanol and after separa- 
tion, the product is crystallized from one liter of water at 
100°C. 

:)../ 

The yield is 165 grams (63# of theory) of 5-amino-1 -hydro - 
xypentan-1 , 1 -biphosphonic acid in the form of a white cry- 
stalline powder of melting point 235 °C. 
Elementary analysis * 

Found: C = 22.69; H = 5.71; N = 5.14; P = 23.70(3 

39 ?'X 3Q £"2 

calcd for C c H, K N0„P o : C = 22.82; H = 5.75; N = 5.32; P = 23.54 

5 15 7 2 3 ^ 3^ 3 ^ ^ 

f Infrared Spectrum > 


' ^Absorption bands at 3220, 1660 and 1510 cm" q 

/ Spectrum 1 H-N.M.R. (TMS as a standard) / 
f ) 6= 1.8 ppm (6H); 6 = 3.0 ppm (2H)xT 
L_ EXAMPLE 2 

J° In a 150 liters glass reactor, there are introduced 9.4 kg 



- 8 - 

of 5 -amino valeric acid, 9.9 kg of phosphorous acid and 
40 liters of anhydrous chlorobenzene. The mixture is 
heated under stirring up to 90-1 00°C and 16.5 kg of pho- 
sphorus trichloride is added over a period of 30 minutes. 
The reaction mixture after standing at 110°C for three 
hours, is cooled to 80 °C and then 50 liters of water are 
added so as to dissolve all the solid material. The organic 
phase is allowed to cool and to separate from the aqueous 
phase. After treatment of the aqueous phase with active 
carbon and filtration, excess methanol is added under stir ^ 
ring so as to precipitate the crude amino biphosphonic acid. 
The mixture is filtered and the product is recrystallized 
from 60 liters of boiling water. The product is 12.4 kg of 
crystalline material of pure 5— amino-1 — hydroxypentan-1 , 1 Q 
biphosphonic acid. 
0-L. EXAMPLE 3 

^ A mixture of 1 mole of 4 -amino butyric acid, 1.5 moles of 
phosphorous acid and 500 cc anhydrous chlorobenzene, is hea- 
ted up to 100°C. At this temperature, phosphorus trichloride 
in the amount of 1.5 mole is added under strong stirring. 
The mixture is stirred at 10Q°C for 3^1/2 hours until the 
dense phase is completely formed and is then allowed to cool. 
The solid is filtered, washed with a small amount of chloro- 
benzene and dissolved in water. The solution is heated to the 
boiling point for one hour, it is then cooled and decolori- 
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zed with active carbon. The material is filtered and 
the product is precipitated with excess of hot metha 
nol. The crude material so obtained is heated under re ^ 
flux for eight hours in 20% hydrochloric acid. The hydro C- 
chloric acid is removed by distillation and the residue 
is recrystallized from water. The product is 4-amino-10 
hydroxybutan-1 , 1 -biphosphonic acid in the form of a whip- 
te crystalline powder which has the structure hereinbe- 
low as shown by the properties also reported hereinbe- 
low: 


(CH 2 ) 3N H 2 
f 0 {0?1- H^B-O-^EOjHjj 


O)o( f 


Elementary analysis 
Found: 

Calcd for ABDP: 


Calcd for ABDP-HgO: 




N% 


17.88 

5.62 

4.93 

23.94 

19.28 

5.26 

5.64 

24.86 

17.98 

5.66 

5.24 

23.19 


Determination of the moisture content 

^ The sample examined according to the Karl -Fischer me- 
thod has a water content of about 3.9% by weight. 
Potentiometric titration 

^ The curve of potentiometric titration is obtained "by 
addition of 0.1N NaOH to a solution of 203 rag of the sam O 
pie dissolved in 75 cc of water. The profile of this cur C 


I a. 
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ve is characterized by 2 clear end points at pH 4.4 and 9 
corresponding to an addition of the reagent of 7.5 and 15.2 
cc respectively. From the values reported, one calculates 
an equivalent weight of 270 for the first neutralization and 
264 for the second neutralization and an average equivalent 
weight of 267. The molecular weight of ABDP*H 2 0 is 267.114. 

{ Complexometric titration 

The complexometric titration is carried out with thorium 
nitrate with 41.47 mg of the compound. It shows a color chan^ 
ge after an addition of 5.4 cc of the reagent. Prom this va- 
lue, it is possible to conclude that the substance being exa- 
mined has an equivalent weight of 134 f which is in agreement 
with the presence of two phosphonic groups in the molecole 
of the mono hydrate. 
Infrared absorption 

^ The infrared spectrum observed on a tablet of KBr presents 
characteristic bands at: 

3600-2500 cm"" 1 , complex band due the overlapping of the 
stretching of acidic and alcoholic OH 
groups, groups Nlfe and aliphatic 

^ 1650,1605,1500^2^ bands due the deformation of the group NH 2 
partially in the salt form due the presen- 
ce of the phosphonic groups Q 

7° 1160^ "3; stretching of the P-0 bond^ 

^ 1 040^ '"3 stretching of the C-0 bond0 
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P 960, 930/^^ stretching of the P-0 bond^j 


600-400 — skeleton bands which involve substantially 
the portion of the molecule which contains 
phosphorus atoms^ 

■ ( ^ Nuclear magnetic resonance on the Proton ( 1 H-NMR ) 

^ The 1 H— NMR spectrum calculated in D 2 0/D 2 S0 4 presents^ 
two enlarged signals at £2.6 ppm (CH 2 -/3 and CtU-y due 

Ll b% (°h x 

the NH„ group) and 3*5 ppm (CH 2 -c* due the NH^ group) 

■ L& 

for a relative intensity 2:1. 

QL- Nuclear magnetic resonance on carbon ( 13 C-NMR) 

^ The spectrum 13 C-NMR determined in D 2 0/l> 2 S0 4 presents 

signals at c*20 ppm (CH 0 -/3 due the NH„ group), 28 ppm (CH -T^ 

due the NHp group), 39 ppm (CH 2 -C( due the NH 2 group) and a 

/ O 

central triplet at 72 ppm (C-<£due the NH 2 group, J Q p 156 

47 

Hz). 

Q^^it- Nuclear magnetic resonance on phosphorus ( 31 P-NMR) 

The spectrum 31 P-NMR determined in the D 2 0/D 2 S0 4 presents 
a single signal at 9 ppm showing that two phosphorus atoms 
are chemically and magnetically equivalent. 

Q'( EXAMPLE 4 

^ Sodium diisopropyl phosphite and diisopropyl bromodifluo- 
romethanephosphonate are reacted according to conventional 
methods to produce the tetraisopropyl ester of dif luorometha^, 
nebiphosphonic acid which is obtained as a colorless and 
odorless liquid of boiling point 117°C (0.2 torr). 
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Spectrum 19 F-N.M.R. : = 21.6 (triplet, CF 2 , J F _ p = 86 . 67 )q . 
Spectr um 31 P-N.M.R. : = -16.1 (triplet, J = 14.6); 

H^PO^ 85?° as the external standard, 
j-i The ester thus obtained is hydrolyzed to dif luorometha- 
nebiphosphonic acid which is obtained in crystalline form 

and is dried in a vacuum desiccator over ^ 2 °5" The subs tan , 

ce is a very hygroscopic solid of melting point 90°C. 

The curve of titration acid/base presents two clear end 
points at pH 3.9 and 10.1 which correspond respectively to 
the bisodium and tetrasodium salts and a single end point 
at pH 6.8 which corresponds to the trisodium salt. The mo ^ 
lecular weight corresponding to the above titration values 
is 210.3 (theory 211.99). 
EXAMPLE 5 

p To a suspension of 263 grams of 5-amino-1 -hydro xy-pentan^) 
1 , 1 -biphos phonic acid in one liter of water is added under 
cooling a solution prepared from 40 grams of sodium hydroxi- 
de in 500 cc of water. There is obtained a clear solution 
which after decolorization with carbon, filtration and concent 
tration is kept in the cold for a period of three days under 
gentle stirring. The crystalline solid thus obtained is fil- 
tered washed with a small amount of cold water and then met ha ^ 
nol. After drying at 110°C, there is obtained 199 grams of the 
raonosodium salt of 5-amino-1 -hydro xy-p en tan-1 , 1 -biphos phonic 


I 3 
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(_ (_ EXAMPLE 6 

^ From difluoromethanebiphosphonic acid there is obtained, 
according to conventional methods, the trisodium difluoro- 
methanebiphosphonate as a crystalline white powder soluble 
in water. The molecular weight determined by acid/base ti- 
tration is 274.0 (theory 277.9). The 0.1 molar aqueous soluC 
tion has pH = 6.8. 
I Elementary analysis 

. P (pound: C 3 =^' 30 ' H f^°- 52; P 3=^ 23 - 01; F 3 ^ 12 - 90 67 

/ Calcd for CHP o Na^0.P Q : C = 4.32; H = 0.36; P = 22.29; 

^ 2 3 6 2 >R 3^2 

P = 13.67. 

£ <| EXAMPLE 7 

From difluoromethanebiphosphonic acid there is obtained 
according to conventional methods the aniline difluorome- 
thanebiphosphonate. The substance, after recrystalli zation 
from ethanol, melts at 163-165°C. 
" Elementary analysis \ 
~ ) Found: C = 50.88; H^6.02; N^= 9.19; S.90Q 

I | Calcd fo^ C 25 H 32 P 2 N 4°6 P 2 #H 2 0 ( tetraaniline salt aS the raon ° 

hydrate): C = 50.80; H = 5.57; N = 9.11; P = 10.08. 

7° UV Spectrum (in an aqueous solution) * 

Absorption maximum at 279 nm; £2?3241. 

(Jl EXAMPLE 8 

^1) From difluoromethanebiphosphonic acid there is obtained 
according to the method of Example 7, the lysine difluoro- 


f 
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methanebiphosphonate. The dilysine salt, which precipi- 
tates from water, is obtained as a white amorphous pow- 
der, very soluble in water and hygroscopic. A 0.1 M solu C- 
tion has a pH = 4.0. 

3 f- • 

Elementary analysis . 

Found: C = 30.03; H = 6.42; N = 10.87; P = 1 3-01£ 

3D 3ZL 39- 3 J - 

Calcd for C 13 H 32 F 2 N 4 0 10 P 2 : 0^30.96; H^-6.39; It =^11.11; 


P = 12.28. 

■3^2. 


TOXICOLOGY STUDY 

^ This study has been carried out with the following 
substances according to the present invention: 
fb 4 -amino -1 -hy dr o xybut an-1 ,1-bipho s phonic acid ( AHB^BP ) ; 
5-amino-1-hydroxypentan-1 , 1 -biphos phonic acid ( AHP^BP ) ; 
difluoromethanebiphosphonic acid as the sodium salt 


L: 


(F 2 MBP). 


-f* By way of comparison the following substances have 
been used: 

6-amino-1 -hydro xyhexane-1 ,1 -biphos phonic acid (AHE^BP) P3 
flJz> prepared according to Italian Patent Application No. 

19673 A/81 dichloromethanebiphosphonic acid as the so- 
dium salt (C1 2 MBP) (known). 
C(^~ Acute Toxicity 

^ For this study Swiss mice, both male and female, ha ^ 
ve been utilized: during the experiment, the animals are 
fed according to the method with Altromin in the form of 


1 


15 


tablets. For the oral and intraperitoneal administration, 
there are used 5$ gum arabic solutions while saline solu 
tions of pH 4 are used for the intravenous injections. 

The preliminary values of DIj<_ 0 are calculated according 


to a graphic method. Table 1 reports the values of the DL, 
_in_ Swiss mice in mg/kg. 

TABLE 1 - DLj_ 0 in Swiss Mice in mg/kg 


50 



OS 

i.p. 

i. v. 

AHByBP 

> 2 , 000 


85 

AHP E BP 

1,500 

75 

85 

AHE^-BP 

> 2 , 000 

125 

75 

P 2 MBP 

> 2 , 000 

450 

70 

C1 2 MBP 

> 2,000 

750 

130 


After the oral administration, also at the high dosage, 
no change in the behavior of the animal is observed, 
no death is noted and the only symptom is a certain sof te ^ 
ning of the stool. The autopsy of the animal killed shows a 
slight change in the kidneys which are of light and anemic 
color. 

After the intravenous injection, the animals die imme- 
diately at the high dosage with convulsions and dyspnea. At 
the dosage lower than the lethal dose, the convulsions are 
less evident and continue for a period of two hours; the 
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animals, after returning to normal, show a few cases of 
death after 2-4 days with dyspnea, hair erection and redu _ 
ced motor activity. The autopsies show the kidneys with 
a pink or yellowish color with hemorragic spots. The f ema C 
\ le animals exhibit hypertrophic and hyperemic ovaries. 

The conclusion is that the novel biphosphonates exhibit 
acute toxicity and moderate chronic toxicity. 
{? V~ d w Inhibition of the formati on of crystals 

p A model system is used to evaluate the ability of the 
phosphonates to inhibit the formation of crystals in inor ^ 
ganic solutions. Three solutions are prepared according 
to Fleisch. ' ' 
ft 0) 0.0107 M KH 2 P0 4 ; 0.117 M KC1; 0.01 M barbituric acid 
(2) 0.0056 M CaCl 2 ; 0.138 M KC1; 0.01 M barbituric acid 
-£3) 0.155 M KC1; 0.01 M barbituric acid. P ^ 

|^ The pH is brought to 7.4 "by means of potassium hydroxy ^ 
(^pde. The concentration of Ca ++ was 6.7 mg#, a level similar 
to the calcium in blood which has been subjected to ultra- 
filtration and the concentration of the inorganic phospha- 
g} *3-2 te Pi give a product Ca ++ x Pi = 80. The solution was atta- 
in lyzed for Ca ++ and Pi and was distributed in Erlenmeyer 

flasks 12 cc each. The flasks were divided in groups as f ol ^ 
lows : 


I: 
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a) 

Control 




b) 

AH EX BP 

0. 

0 5 /lM 

c) 

AH EX BP 

0. 

25 


d) 

AH EX BP 

0. 

5 

/OM 

e) 

AK EX BP 

2. 

5 

/lM 

f ) 

AH EX BP 

5. 

0 

>uM 

g) 

C1 2 MBP 

0. 

5 

/aM 

h) 

C1 2 MBP 

2. 

5 

/oM 

i) 

C1 2 MBP 

5. 

0 


1) 

F 2 MBP 

0. 

5 

/lM 

m) 

F 2 MBP 

2. 

5 

jjJti 

n) 

F 2 MBP 

5. 

0 

yuM 

o) 

AHP E BP 

0. 

05 /aM 

P) 

AHP E BP 

0. 

25 pM. 

q) 

AHP E BP 

0. 

5 

/lM 

r) 

AHPgBP 

2. 

5 

JJM 

s) 

AHP £ BP 

5. 

0 

jati 

t) 

AHByBP 

0. 

5 

/lM 

u) 

AHByBP 

2 

5 

juM 

v) 

AHByBP 

5. 

0 

/lM 


PSand then they are incubated under stirring at 37 °C for 
two days. 

^ At the end of incubation, the solutions are passed 
through "millipore filters" for the purpose of retaining 
" the crystals which are formed during the incubation; the 
3<?) filtrate then is analyzed for Ca ++ and Pi. The results 

Y\ ■ 
& 


r 
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are also reported in Table 2 as the product of Ca x Pi 


in the solution at the end of the experiment. 

The data show that the biphosphonates according to 
the present invention induce a significant inhibitory 
activity on the formation and growth of crystals of apati^ 
te according to a pattern which is dependent on the dose. 



TABLE 2 



Values of 

the product Ca H+ 

x Pi in solution! 

Substance 

Cone. 
jslH 

Prior to 
Incubation 

After 
Incubation j 

Control 

0. 0 

114.7 

29 ■■ 

C1 2 MBP 

0 . 5 


4 4.0 . 

C1 2 MBP 

2 . 5 


6 0.4 

C1 2 MBP 

5. 0 


7 3.6 

F 2 MBP 

0. 5 



F 2 MBP 

•2.5 



F 2 MBP 

5. 0 


72.0 

AHEXBP 

0.05 



AHEXBP 

0.25 


3 7.5 

AHE X BP 

0. 5 


59.6 

AHE X BP 

2. 5 


92.6 

AHEXBP 

5.0 


95.3 

AHP £ BP 

0. 05 


36.7 

AHP £ BP 

0. 25 

■ « 

37. 1 

AHP E BP 

0. 5 


68.6 j 

AHP £ BP 

2. 5 


94.0 

AHPEBP 

5.0 


97. 5 

AHByBP 

0.5 


53. 2 

AHBjjBP 

2. 5 


88. 6 

AHByBP 

5.0 


93. 5 


f 
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Pharmacological tests 

The purpose of this study is to investigate the effect 
of a series of novel biphosphonates on a culture of skull 
cells and on the "bone reabsorption and the mineralization 
in vivo . 
Methods used 
■f* ^ . Experiments on skull cells 

/° Cellular culture: the cells are cultured according to 
the method described by Past et al, (Biochem. J, 172, 97- 
107 (1978)). By way of summary, the skulls removed from 
Wistar rats, one day old, are digested with collagenase. 
The cells set free are placed on a plate with concentra- 
tion of 200,000 cells per cc of medium in disks "clusters" 
suitable for culture, the plates having 24 wells of 1.6 cm 
in diameter containing 0.5 cc of medium. The cells are cul^ 
tivated in the essential minimum medium containing 10# of 
foetal calf serum in an atmosphere of 5# CO at 37° up to 
the eighth day. The biphosphonates are added on the first 
day up to the end of the experiment. The medium is changed 
on the first, fourth and seventh day. 
Cellular count 

The cells are counted with a Coulter counter after they 
have been set free from the disks by digestion with a mix- 
ture of collagenase and trypsin. 
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Determin ation of lactate 

^ On the seventh day, the medium is changed and the 
cells are incubated for 16 hours. The lactate produced 
during this period is measured in an extract in HCIO^ 
of the medium using lactatodehydrogenase . 
2. Experiments on the bone reabsorption an d in vivo 
calcification 

^ Groups of five Wistar rats of weight 180-200 grams 
are treated for a period of seven days with 0.1, 1.0 and 
10 mg of P/kg of the following biphos phonic acids: ' 
p) dif luoromethanebipho s phonic acid (F^MBP) (in the form of 
Na salt); 

f/} 4-amino-1-hydroxybutanbiphosphonic acid (AHByBP); 

5- amino-1-hydroxypentanbiphosphonic acid (AHP^BP) ; 

6- amino-1 -hydroxyhexanebiphosphonic acid (AHE^BP); 
dichloromethanebiphosphonic acid (ClgMBP) (in the form 

of the sodium salt) (1 mg of P/kg) . ^ ^ 
^ The animals kept as a control were administered the 
solvent with NaCl. All the treatments were carried out 
by the subcutaneous route. The compounds were dissolved 
in NaCl for the two lower concentrations and in water 
for the higher concentration and were administered in a 
volume of 0.2 ml/100 g. The animals were fed with Altro- 
mine 1314 containing 1.1 g/100 g P and 250 TU/lOO g of 
vitamin By On the eighth day, the animals were killed 
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and the tibia was removed and fixed in 50^ ethanol. 
The tibiae were then dehydrated in increasing concentra- 
tion of ethanol and allowed to soak in methylmethacryla- 
te after the addition of Plastoid N. Frontal sections we^, 
re removed and cut to a thickness of 70-80 /urn and then 
the sections were submitted to microradiography. This pro ^ 
cedure permitted to evaluate the density of the mineral 
in the trabecular metaphysis according to the method of 
Shenk et al., Calc. Tiss. Res. 1J_, 196^-214, 1973). 
Results 

1. Experiments with skull cells 

P As shown in Table 3, Cl p MBP causes a decrease in the num 


ber of cells. On the other hand, F^MBP has no effect or a 
very small effect in this respect. The amino derivatives show 
a difference because the compounds with an odd number of car <2- 
bon atoms decrease the cellular number to a much greater ex- 
tent than the compounds with an even number of carbon atoms. 
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|P By reference to the production of the lactate 
Cl^MBP diminishes it as it is well known. On the 
other hand, F^MBP has no effect. The amino deriva "tQ^ 
tives exhibit increase in the production of the 
lactate, a fact which is more pronounced with the 
compounds with odd number of carbon atoms. The data 
are reported in Table 4. 
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Experiments on the bone reabsorption and calcification 
in vivo 

One animal per group has been evaluated. The data are 
reported in Table 5. 


TABLE 5 - Effect on the bone reabsorption and 
mineralization of bones 


Compound 

Dose 

Reabsorption 

Mineralization 1 


(rag) 



F 2 MBP 

10 




1 




0. 1 



AHByBP 

10 

+++ 

-/+ 


1 

++/+++ 



0. 1 

+ 


AHP E BP 

10 

Experiment interrupted due to acute toxicity 


1 

+++ 



0. 1 

+++ 


AHE X BP 

10 

* 

+++ 


1 

++ 



0. 1 



C1 2 MBP 

1 

+/++ 



— = no inhibition of the reabsorption or mineralization 

Between + and +++ = increase in the inhibition of reab- 
sorption or mineralization 

* = effect not established due to inhibition of .mine- 
ralization 
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P It appears that AHP^BP is the most active in inhibiting 
the bone reabsorption. However, there is observed a toxi- 
city at the higher dosage. The substances AHP^BP and AHE^-BP 
are also active on the reabsorption with a result slightly 
superior to C1 2 MBP. A significant difference is with respect 
to the mineralization because AHE^BP induces strong inhibi- 
tion of mineralization in the dose of 10 mg of P/kg while 
AHBjjBP has no effect or only a slight effect or only an ef- 
fect to a very small extent. 

These results show that the amino compounds with an odd 
number of carbon atoms are somewhat toxic but are much more 
active in inhibiting the bone reabsorption. The compounds 
^with an even number of carbon atoms have an activity slightly 
superior to ClgMBP. Another significant fact is that AHB^BP 
does not induce or induces only to a very small extent the in ^ 
hibition of mineralization at high dosage while AHE^BP exhi- 
bits high inhibition. Consequently, AHByBP appears to be more 
suitable for use in diseases with an increase reabsorption 
of bone in humans. Finally, it is interesting to note that 
P 2 MBP has no effect on the bone reabsorption or on the bone 
mineralization and in view of the fact that it inhibits the 
growth in vitro of the crystals of apatite, it may be used 
successfully in conditions of urolithiasis. 

In fact, for a long time, a biphosphonate capable of 
inhibiting the growth of the crystals without affecting the 
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bone has been the subject of research. It is concluded, 
therefore, that the two substances AHB^BP and AHPgBP are 
destined to become medicaments capable of inhibiting the bone 
reabsorption and that F 2 MBP is useful for the treatment of 
urolithiasis . 

CLINICAL TESTS USING ABDP 

& The substance ABDP, aminobutanediphosphonate has 


been used for venous infusion, 0.5^-25 mg/day dissolved in 
500 cc of 5% glucose solution in the following conditions: 


^ Eight individuals having different degrees of calcemia 
varying to the extent of 17-11 mg%, were treated. In seven patier 
who had very elevated calcendfa values which had affected the bones 
not only from the bioumoral but also radiographic point of 
view, a drastic reduction of calcemia was achieved up to normal 
values in five of the patients. The decrease of calcemia has 
been obtained simultaneously with a rapid and parallel decrease 
of hydroxyprolinuria and decrease of the values of the urinary 
excretion of calcium. In three cases, the administration 
of 25 mg/day of the substance for seven days has brought the 
normalization of calcemia up to the day of surgical intervention 
of removal of the parathyroidal adenoma which occurred 15-90 days 
after the end of the therapeutical cycle with ABDP. In the 
other four patients treated for shorter period of time, only 
3-4 days and with a dose of 4-8 mg/day, the decrease of 
calcemia has been transitory ,'^ith the values of calcemia and 
the hydroxyprolinuria having a tendency to return to the basal 
values a few days after the suspension of the drug. 



1. 


Primary Hyperparathyroidism 
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Only in one case with border line values of calcemia 
and no symptoms of the bone having been affected, the administration 
of 4 mg/day of ABDP for a period of four days has not caused any variation 

in the calcemia even if it is accompanied by a persistent 

c 

reduction in the calcemia. The comparison of the results 
obtained in patients with primary hyperparathyroidism using 


leads to the conclusion that ABDP is 20 - .10 0 times more 

w 

active than C^MDP, in spite of the allowance which must be made 
due to the variation of clinical symptoms from patient to patient. 


Paget ' 


s Disease 


P 


Three patients have been treated with ABDP in the 


dose of 4 mg. in one patient and 0 . 5mg in the case of the 

other two patients, per day, for a period of 8 and 21 days respectively. 

In all the three patients, there has been obtained a normalization 

of the urinary excretion of hydroxyproline. The alkaline 

phosphatemia has undergone a gradual decrease up to normal 

values after 3-4 months of therapeutic cycle. After 6-8 

months, the three patients still exhibit normal values of 

hydroxyprolinuria and alkaline phosphatemia. 


3. Neoplastic Hypercalcemia 

^ The experiments with ABDP relate to a single case of 

an individual to whom 8 mg/day for a period of two 

days was administered and who showed a decrease of calcemia 

from 14-9 mg% in the course of 48 hours, 
it 

( 4. Neoplastic Osteolysis 

jp Six patients who had widespread neoplastic osteolysis 

have been treated with 4 mg/day -for a period of two weeks. 
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In every case, there is observed the normalization of calciuiria 
and there is observed a consistent decrease (50-80%) of 
hydroxyprolinuria in five days. The painful bone symptoms 
have decreased after 5-8 days treatment. 

rf 

In conclusion ABDP has shown to be a substance 

with definite properties of inhibition of the bone reabsorption, 

about 100-300 times more active than C1-MDP. The two sub- 
let 

stances differ also with respect to the mechanxsm of action: 
the activity on the immunity system appears to be peculiar to 
ABDP in spite of the fact that detailed observations in this 
respect in comparison with the phosphonates are not available 
yet. In conclusion, ADBP surprisingly has shown to be the 
most powerful diphosphonate for clinical use and this sub- 
stance permits to carry out an effective treatment of diseases 
with dosages substantially lower as compared to the other 
bisphosphonates, which doses are perfectly tolerated by the 
patients. 

Similar results have been obtained in another study 
in which two patients with tumoral osteolysis have been treated 
for three days with 5 0 mg of AHB^BP . It has been remarkably 
noted in both cases that the treatment has been surprisingly 
very effective and also, it has been noted that the period 
of remission of the symptoms following the treatment has 
been surprisingly long. 

The administration of AHB^BP has also been remarkable 
in the sense that it has not been followed by fever, a fact 
which, on the other hand, occurs very frequently as a result 
of the administration of the other bisphosphonates such as 



the amino-hydroxy-propan-diphosphonate. This fact also shows 
that even small structural differences may cause unforeseen 
modifications in the activity and tolerabli lity . 

The pharmaceutical compositions according to the 
present invention may be prepared for use in the form of 
capsules or tablets or in solution for oral administration 
or for systemic use. The compositions are advantageously 
prepared together with inert carriers such as sugars (saccharose, 
glucose, lactose), starch and derivatives, cellulose and 
derivatives, gums, fatty acids and their salts, polyalcohols , 
talc, aromatic esters. 

Some typical pharmaceutical formulations containing 
amino-butan-diphosphonic acid are shown herebelow: 


f O2>3^ 0 t TABLE 6 

OPERCOLATED CAPSULES 

4- amino- 1- hydroxy but an- 1 , 1-biphos- 
phonic acid, sodium salt 

Lactose 

Hydrolyzed Starch 
Talcum 

Magnesium Stearate 


Total Weight 


25.0 
84.0 
5.0 
5.0 
1.0 

120. 0 


12. 5 
80. 0 
5.0 
8.5 
1.0 

107. 0 


EFFERVESCENT GRANULATES 

4- amino- 1-hy droxybu tan- 1 , 1-biphos- 
phonic acid 

Anhydrous Sodium Carbonate 
Sodium Bicarbonate 
Anhydrous Citric Acid 
Sodium Saccharinate 


10. 0 
12. 0 
63.0 
110. 0 
5.0 


TABLE 6 (continued) 
EFFERVESCENT GRANULATES - (continued) 

Saccharose m 9- 493 -° 

Dehydrated Lemon Juice 55.0 

Natural Essence of Lemon 2 . 0 

Total Weight 750.0 


FORMULATIONS SUITABLE FOR INJECTION 

4 - ami no- 1- hydroxy but an- 1 , 1-biphos- 
phonic acid 

Sodium Hydroxide 

Sodium Chloride 

Purified Water q . b . 


1 2 

0.5 mg. 1.00 
0.25 0.25 
8.40 16.30 

1.0 ml. 1,2.0 


I PHARMACOLOGY 

^ The substance AHBuBP has been compared with a series 
of several other phosphonates after a treatment in vivo in 
rats using as parameter of activity the ability of inhibiting 
the bone reabsorption. The results obtained surprisingly show 
that the substance, the amino-butane derivative AHBuBP exhibits 
an activity about 100 times superior to that exhibited by 
amino- hydroxy-propane-diphosphonate , AHPrBP , and between 100 
and 1000 times superior to that of sodium chlodronate C1 2 MBP and 
some of the biphosphonates which, up to present, have been 
considered the most active. 

If one considers the pharmacological activity 
together with the degree of toxicity of the substance which 
remains similar and comparable to that of the other diphosphonates , 
one concludes that AHBuBP remarkably may offer a substantial 
advantage from a clinical point of view with respect to the 
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substances used as a comparison. One must also consider 
that this surprisingly high activity could not have been 
foreseen on the basis of the chemical structure insofar as 
it— ha s been a mply demonstrated that even small structural 
variations result in substantial differences from the point 
of—view . of. activity as- well as tolerability of the substances... 
In___the table hereinbelow, Table 7, there are shown the results of 
the change of structure of four amino— bisphosphonates 

namely, 3-amino-l-hydroxypropy lidene-1, 1-bisphosphonate to 
6 - amino- 1-hydroxyhexy lidene-1, 1-bisphosphonate with respect 
to the metaphyseal bone density which is quantitatively analyzed 
with "Quantimed". The table gives local skin toxicity which is 
evaluated on the basis of the necrosis. The most toxic 
substance is the 3-amino-l-hydroxy-propy lidene-1 , 1-bisphosphonate . 
Table 8 gives the effect on the bone density. The values in 
the table show that the propane, pentane and hexane compounds 
exhibit about the same degree of potency, but 4-amino-lO 
hydroxybuty lidene-1, 1-bisphosphonate is about 10 to 100 times 
more active if administered subcutaneous ly . This higher 
activity is also exhibited when the drug is administered 
orally. 

The results, therefore, show that 4-amino-l-hydroxy- 
buty lidene-1, 1-bisphosphonate is the most valuable of the 
four compounds because it possesses the highest inhibitory 
activity on bone reabsorption . Actually, the substance exhibits 
an activity which is the highest of all the bisphosphonates 
known up to present. In addition, the substance exhibits a 
topical skin toxicity which is lower than that of the 3-aminoQ 
1-hydroxypropy lidene-1 , 1-bisphosphonate , which is the substance 
presently used clinically. 



3,9 


0>t 


Amotnt in mg P/tag 

0.01 s.c. 

0.1 s.c. 

1.0 s.c. 

10.0 s.c. 

2.0 p.o. 

Nad Gontrols 




29.72 (17) 
+3.82 



28.45 
+3.22 

(12) 

C1 2 MBP 



38.21 
+5.31 

(6) 

47.00 
+4.69 

(6) 

52.65 (6) 
+5.64 

31.20 
+2.45 

(8) 

AHPrBP 

39.53 
+3.60 

(7) 

50.31 
+5.08 

(6) 




33.72 
+6.51 

(6) 

AHBuBP 

48.96 
+3.82 

(7) 

58.17 
+2.55 

(5) 

60.00 
+5.78 

(4) 


43.80 
+10.48 

(7) 

AHPeBP 

37.85 
+5.03 

(7) 

50.44 
+5.36 

(6) 

56.47 
+4.08 

(6) 


38.70 
+6.15 

(6) 

AHHexBP 

38.12 
+1.95 

(7) 

46.96 
+5.32 

(5) 

54.93 
+5.91 

(5) 


34.69 
+7.38 

(9) 


Effect of various aminobisphosphonates administered for 7 
days to rats on the metaphyseal density (% volume of calcified 
tissue) . 


The results of necrosis at the injection sites in rats 
treated with several aminobisphosphonates are shown in Table 8 
hereinbelow in which the symbol "n" means the number of treated 
animals, the symbol means that no necrosis has occurred. The 
symbol "x" represents a conventional score, that is x meand 
slight necrosis, "xx" means severe necrosis, "xxx" means very 
severe necrosis. 
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TABLE 8 


AHPrBP 10 mg P/kg 
n=2 

1 

day 

XXX 

2 

day 
XXX "t" 

3 
day 

4 

day 

~ 5" 
day 

~6 
day 

1 ; 
day 

8 

day 

AHPrBP 1 mg P/kg 
n — 2 

AHPrBP 1 mg P/kg 
n=2 

XXX 

0 

XXX +" 

0 

- 

X 

0 
0 

— ■ - 

X 
X 

0 

— 

XX 

X 

X 

XX 

X 
X 


AHPrBP 0 . 1 mg P/kg 
n=4 

AHPrBP 0.1 mg P/kg 
n=2 

0 

J* 

0 
0 

+ 
+ 

AHPrBP 0.01 mg P/kg 
n=7 

0 

0 

& 

J* 

0 

0 

0- 


10 mg P/kg 

n=3 

XX 

XXX 

XXX + 






AHBuBP 1 mg P/kg 
n=3 

AHBuBP 1 mg P/kg 
n=2 

p- 


X 

0 

XX 

0 

XXX 

XXX 
X 

stopped 
injection 

X 

+ 

AHBuBP 0.1 mg P/kg 
n=3 

AHBuBP 0 . 1 mg P/kg 
n=2 

0 

0 

J* 

0 
& 

0- 
& 

0 
J* 

0* 

0 


AHBuBP 0.01 mg P/kg 
n=7 

0 

0 

0 


f* 

? 

& 

■- — ; 

+ 

AHPeBP 10 mg P/kg 
n=2 

XXX 

XXX + 







AHPeBP 1 mg P/kg 
n=4 

AHPeBP 1 mg P/kg 
n=2 



0 
0 

0 

0 

0 

0 

0 

? 

+ 
+ 

AHPeBP 0 . 1 mg P/kg 
n=4 

AHPeBP 0 . 1 mg/kg 
n=2 

0 

0 

0 

0 
0 

0 
0 


* 

0 


;! 

5 

AHPeBP 0.01 mg/kg 

0 

0 

0 

& 

0 

0 
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TABLE 8 (continued) 




1 
day 

2 

day 

3 
day 

4 
day 

5 
day 

6 
day 

1 

day 

8 
day 

AHHexBP 
n=3 

10 mg P/kg 

9f 

P 

X 

XX 

XXX 

XXX 

XXX 

~h spon- 
taneously 

AHHexBP 
n=3 

1 mg P/kg 

P 

? 

P 

9* 


jar 

0 

+ 

AHHexBP 
n=2 

1 mg P/kg 

S* 

P 

St 

P 

st 

St 

st 

-r 

AHHexBP 
n=3 

0 . 1 mg P/kg 

* 

P 

? 

St 

sf 

st 

st 

-r 

AHHexBP 
n=2 

0 . 1 mg P/kg 

st 

s/ 

st 

ft 

& 

st 

st 

1- 

AHHexBP 
n=7 

0.01 mg P/kg 

P 

St 

st 

it 

St 

0 

st 

i- 


-f~ - killed except in AHHexBP where animals died spontaneously 
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The pharmaceutical compositions can be administered 


by the oral route at doses from 25 to 3200 mg/die or by the 
parenteral route at doses from 15 to 300 mg/die of active 
component. Treatment is carried out for 7 days or for 3 months^' 
periods, repeated according to needs. However, in the case 
of the 4-amino 1-hy droxybutan- 1 , 1-biphosphonic acid, the 
pharmaceutical compositions contain the active component in 
an amount as low as 0.5-1.0 mg per unit dose, and usually 
10-25 mgs per unit dose. 


